ABSTRACT We have observed in 11 infants, aged 2 years or less, a distinct clinicopathologic lesion responsible for tachyarrhythmias that were fatal in 96% (25/26) of previously reported cases. Nine of the 11 patients, who underwent electrophysiologic mapping and surgical excision of the lesion, have survived, with follow-up periods ranging from 1 month to 6 years. The morphologic findings in these 11 patients and in the 26 cases cited in the literature are reviewed. Pathogenic considerations have included viral-induced lesions, cardiomyopathy, neoplasm, and developmental disorder of Purkinje cells. We believe this lesion to be a myocardial hamartoma. Supportive evidence includes prevalence in infants, tumorlike growth pattern without mitotic figures, and association of other developmental abnormalities. Through electrophysiologic mapping, this myocardial hamartoma is potentially accessible to surgical excision and long-term cure.
POTENTIALLY FATAL ventricular tachycardia in children 2 years old or younger may be caused by a localized myocardial abnormality that has been termed arachnocytosis of the heart muscle,1 isolated cardiac lipidosis,2 infantile cardiomyopathy with histiocytoid reaction,' infantile xanthomatous cardiomyopathy,4 focal lipid cardiomyopathy,5 focal myocardial degeneration,6 foamy myocardial transformation of infancy,7 idiopathic infantile cardiomyopathy,' histiocytoid cardiomyopathy of infancy,9 10 oncocytic cardiomyopathy, 1 and Purkinje cell tumor. 12, 13 Currently, electrophysiologic mapping may localize the abnormality so that curative surgical excision can be performed for this previously fatal condition. 14 In this study we present the morphologic findings in 11 recently treated patients (nine of whom survived), review previously reported cases, and discuss concepts of pathogenesis of this peculiar myocardial lesion. These 11 patients, who were referred to our institution between 1980 and 1986 because of symptomatic ventricular tachycardia, were found at operation to have a distinct morphologic lesion.
Methods
Clinical evaluation included chest roentgenogram and twodimensional echocardiography. All patients underwent intracardiac electrophysiologic study with localization of the earliest site of endocardial activation. Surgical excision of the arrhythmogenic area was performed with cryoablation of the margins. Surgically excised myocardium was placed in Zenker's fixative for routine histologic examination, and sections were stained with hematoxylin and eosin, a modified Gomori's trichrome stain for connective tissue, and the periodic acid-Schiff stain for glycogen. Electron microscopic studies were performed on myocardium from eight of the 11 patients, with 2.5% glutaraldehyde fixation and staining with uranium acetate/lead citrate. An autopsy was performed on one of the two infants who died, and the heart, including the conduction system, was examined extensively.
Results
The clinical features pertinent to this report are summarized in AThe ASD, PFOs, and laryngeal web were surgically repaired.
BThe clinical features of t-hese cases have been previously reported.15 maining two patients (Nos. 9 and 11) had extensive biventricular tumor that could not be excised completely; one died in the immediate postoperative period and the other died 3 months after operation. All survivors are without arrhythmia and have improved ventricular function. In 10 of the 11 patients, the surgically excised myocardium contained tan-white foci on either the epicardial or endocardial surface and poorly defined pale tan discoloration of the myocardium. The amount of excised tissue per patient varied from approximately 1 X 1 X 1 cm to 5 X 3 x 1 cm; microscopically the abnormal foci occupied from less than 1% (patient 5) to 80% (patient 9) of the surface area of the tissue.
Histologically, the abnormal foci were relatively sharply demarcated aggregates of round to polygonal cells that were up to twice the size of adjacent myocar-706 dial cells. The aggregates were subendocardial in patients 1, 3, 4, 6, 7, 9, 10, and 11 and subepicardial in patients 1, 2, 4, 5, 8, and 11. Exclusively subepicardial location (figure 1) generally correlated with the smaller lesions. Individual cells had distinct cytoplasmic borders and variable numbers of fine or coarse eosinophilic granules in the cytoplasm; the degree of granulation was responsible for the variation in appearance from pale to eosinophilic cells (figure 2). No cross-striations were visible. The nuclei usually were large and hyperchromatic with irregular convoluted borders and a prominent nucleolus. Occasional cells were multinucleate. No mitotic figures could be identified. Fibrous stroma in and about groups of cells varied from prominent (patients 2 and 5) to slight (patients 1, 4, and 7). Scattered lymphocytes, occasionally in small clusters, were present in nine of the 11 patients. The myocardial fibers adjacent to the abnormal collections of cells were mildly hypertrophic in most cases. In five patients (Nos. 3, 5, 6, 7, and 11) the adjacent myocardium had focal areas of loss of myocytes, replacement fibrosis, and mild-to-moderate interstitial fibrosis. Endocardial sclerosis, present in all 11 patients, ranged from slight to moderate. The degree of sclerosis did not correlate with either the size of the lesion or an endocardial location; patient 5, for example, had the smallest lesion, which was exclusively subepicardial, and had focal moderate endocardial fibrosis.
Electron microscopic studies demonstrated abnormal cells that were generally round to oval with smooth cytoplasmic borders (figure 3). The basement FIGURE 2. Pale, sparsely granulated cells from patient 1 The lesion described represents a distinct clinicopathologic entity that has been reported in 37 patients, including the 1 1 described herein. The age, clinical presentation, light microscopic and ultrastructural features are characteristic. The ages of affected children ranged from birth to 28 months (mean 11.88 months), and the majority of patients were females (30 of 37). The major clinical manifestations were uncontrollable tachyarrhythmias. Sixteen children, including four with sudden death, died within 1 week of the onset of an arrhythmia.
Cardiomegaly was described in 17 of 20 patients in whom heart weights were recorded. The heart has been described as either flabby and dilated or hypertrophied. Associated cardiac abnormalities reported included ventricular septal defect,12 atrial septal defects (ref. 15a and patient 3), and "classic" endocardial fibroelastosis. Lesions represented by areas of pallor or grey-yellow discoloration were visible in most cases. Valve nodules were grossly visible in 10 patients and found microscopically in two others. Although lesions have been described on all four cardiac valves,16 the mitral valve was most often involved (1 1 patients) and the pulmonary valve rarely (one patient). The left ventricle was the most frequent chamber involved, particularly the subendocardial myocardium. Isolated atrial lesions have occurred.1 Epicardial nodules have been described and specified as being peripheral to the normal limits of muscle3 and peripheral to the coronary vessels.11 Lesions in or near the cardiac conduction system have been previously reported in 14 of 15 patients for whom the information is available.
Electron microscopy was performed in 21 patients, including eight of the 11 described here. The abnormalities of the myofibrils and mitochondria were consistent findings. Leptofibrils were described in nine patients. Cytoplasmic lipid and glycogen content were highly variable, and intramitochondrial glycogen was present in nine patients.
The rapidly fatal clinical course among the patients from the literature contrasts with the longer duration of arrhythmia in the 11 new patients, most of whom had had ventricular arrhythmia for at least 1 month. Despite the five patients (table 1, Nos. 1, 3, 9, 10, and 11) who experienced cardiac arrest, there were no instances of sudden death. In a review of all 37 patients, no correlations between the clinical course and the location or extent of the lesion were identifiable. Although involvement of the conduction system may be a significant prognostic factor, this information is not available for many of the patients, including three of the four reported cases of sudden death. The one previously reported survivor'4 of this condition had arrhythmias for 3 months and had apparent involvement of the bundle of His. The conduction system was presumed to be unaffected in the nine survivors reported here. Since most of the 1 1 new patients were referred to our institution after the arrhythmia had persisted for 3 to 4 weeks, the absence of rapidly fatal cases may reflect a selection bias. Gross myocardial lesions are not uniformly present and may cause some cases to go unrecognized and other cases may be unreported.
Different interpretations as to the exact nature of these tumorlike aggregates and their pathogenesis are reflected in the variety of terms applied. Early studies considered the cells to be lipid-filled histiocytes, but since the electron microscopic description by Haese et al.,6 their myocytic nature has been well established.
Pathogenic considerations have included viral-induced lesions," cardiomyopathy,"4'5'7'9' 17 neoplasm,'2 13, 18 The constituent large, rounded cells with few myofibrils suggest a primitive myocyte morphology. Similar considerations have led to the classification of cardiac rhabdomyomas as hamartomatous malformations.21 '22 Cardiac rhabdomyomas are also composed of large rounded cells with few myofibrils but invariably have increased cytoplasmic glycogen and lack the proliferative mitochondrial abnormalities seen in the lesions reported here. In view of these considerations, we currently believe this condition is best regarded as a hamartomatous malformation that is distinct from the cardiac rhabdomyoma. Whether the cell of origin of this lesion is a Purkinje cell or a nonspecific myocardial cell cannot be definitely established at this time. Through electrophysiologic mapping, this myocardial hamartoma is potentially accessible to surgical excision and long-term cure. Involvement of the conduction system may occur and require a pacemaker. Without surgical intervention the course appears to be rapidly and invariably fatal, so that early recognition of the characteristic clinical presentation of this benign myocardial hamartoma is essential.
